Aims: to determine the presence of heartburn and other related symptoms in relation with BMI in IBS.
INTRODUCTION
Patients with irritable bowel syndrome (IBS) tend to have extraintestinal manifestations such as gastroesophageal reflux disease (GERD), and the evidence has shown an overlap between both disorders. In fact, a study reported that reflux symptoms were the most powerful predictors of extraintestinal manifestations in IBS (1) . Furthermore, a recent systematic review of the literature found that the maximum mean prevalence of GERD in patients already diagnosed with IBS was 39% and the maximum mean prevalence of IBS in subjects with known GERD was 49%, exceeding the individual presence of each condition (2) . Also, in a study aimed to assess the effect of IBS on the postoperative outcome of laparoscopic fundoplication, surprisingly, 81% of the GERD patients with IBS according to the Rome II criteria, no longer fulfilled criteria for IBS (3) . Although controversial, the above mentioned finding suggests that GERD treatment may have a positive impact on the IBS symptoms.
GERD includes a diversity of patients such as those with esophageal erosions and Barrett's esophagus and those with classic symptoms in the presence of a normal esophageal mucosa, considered to have non-erosive reflux disease (NERD), also called endoscopy negative reflux disease (4) . Among the symptoms, heartburn is highly specific of GERD, however, an important subgroup of NERD patients known as functional heartburn have esophageal acid exposure within the physiological range in addition to normal endoscopy (4) . According to the Rome committee, functional heartburn is defined as an episodic retrosternal burning in the absence of pathological gastro-esophageal reflux, motility disorders or structural explanation (5) .
On the other hand, GERD has been shown to be more common in obese patients than in those with a body mass index (BMI) within normal range and an increase in the BMI above the 95 percentile for age and gender, is a significant risk factor for GERD (6, 7) . Also, a higher BMI is associated with more frequent and more severe heartburn and regurgitation in patients with GERD and an increasing BMI is a strong predictor of heartburn during sleep (8, 9) .
It is suggested that there is a common link between IBS and GERD; however, there is no convincing evidence for a common underlying pathophysiology or somatization (10) . Considering that an increasing BMI is a risk factor for GERD, we hypothesized that the presence of heartburn and other related symptoms among subjects with IBS, is related to an increasing BMI. Therefore, we sought to explore whether the presence of heartburn and other reflux-related symptoms according to the Rome II Modular Questionnaire, was related to BMI in IBS subjects from the community.
METHODS
Volunteers from a university-based population that were invited by advertisement to participate in an epidemiological study for functional gastrointestinal disorders in Mexico City were included. After signing an informed consent, they all answered the Rome II Modular Questionnaire in Spanish-Mexico (11, 12) .
Subjects were classified as IBS and non-IBS (controls). IBS was diagnosed if subjects had often (symptoms were present during at least 3 weeks -at least one day in each week-in the last 3 months) abdominal discomfort or pain with two of the following criteria: relief after a bowel movement and/or; it is associated with a change in the frequency of the bowel movements; and/or it is associated with a change in the consistency of the bowel movements. IBS was further classified based on the bowel habit predominance as diarrhea (IBS-D), constipation (IBS-C), and alternating (IBS-A) (11) .
The frequency during the previous 3 months of heartburn and other related symptoms included in the Rome II Modular Questionnaire (11, 12) , were analyzed. Accordingly, heartburn was considered in the presence of a burning pain or discomfort in the chest at least once a week in the absence of any difficulty after swallowing. Chest pain was determined in the presence of pain in the middle of the chest, not due to angina or a heart attack. Also, patients were asked about discomfort or pain centered in the upper abdomen, above the belly button, or in the pit of the stomach. Those answering yes to the prior question, were asked to better classify their symptom as pain (considered in our study as epigastric pain) or discomfort. The latter ones further characterized their discomfort to determine the presence of nausea. Vomiting was considered in the presence of episodes on at least 3 separate days in each week, and finally the presence of burp or belch (belching) was determined.
Weight and height were measured in all subjects and the BMI was calculated as weight in kilograms divided by the square of height in meters (kg/m²) and further categorized as follows: underweight in those with a BMI < 18.50, normal range in 18.50-24.99, overweight in ≥ 25 and obesity in ≥ 30. Obesity was further divided as class I (BMI: ≥ 30 to < 35), class II (BMI: ≥ 35 to < 40) and class III (≥ 40) (13) .
Statistical analysis
Continuous variables are expressed in mean ± SE and were analyzed by the Student's t test and categorical variables are expressed in percentages and were analyzed by the χ 2 . Symptom comparisons between IBS and controls were analyzed by the Fisher's exact test and results are expressed as odds ratio (OR) and 95% confidence intervals (95%CI). A log linear analysis was run to search for interactions between the studied variables (IBS, heartburn, chest pain, epigastric pain, nausea, vomiting, belching, BMI, age, gender). Selection with backwards elimination process was used to assess for significant interactions (p < 0.05) in groups of three variables followed by the search of significant interactions in groups of two variables. The significant interactions were introduced in a Poisson model to determine association coefficients. Also, a logistic regression analysis with backwards stepwise elimination process was run to determine the factors associated with IBS and heartburn using the BMI categories as the variable of interest. The model included ordinal variables (as main effects) to increase the statistical efficiency of the logistic regression. We included IBS, heartburn, the IBS*heartburn interaction, BMI (normal, overweight, obesity), age (quartiles), gender as independent variables, while chest pain, epigastric pain, nausea, vomiting and belching, as dependent variables. To be included as a significant interaction in the model, a p < 0.10 was necessary.
RESULTS

Subjects demographics
A total of 483 volunteers were studied. Of them, 113 (23.4%) fulfilled criteria for IBS and 370 (76.0%) were controls. Both groups were similar in gender distribution, age, marital status, weight, height and BMI (Table I) .
Subjects distribution according to BMI categories, included (IBS vs. controls) underweight: 0 vs. 2.4%; normal: 50.4 vs. 50.7%; overweight: 39.1 vs. 32.6%; obesity I: 7.0 vs. 10.5%; obesity II: 3.5 vs. 3.2%; obesity III: 0 vs. 0.6%; p = 0.340. In order to increase the statistical power, subjects with underweight were included in the normal category and the three classes of obesity were grouped in one category (obesity). Accordingly, neither were there any differences in the frequency of these BMI categories between the groups (IBS vs. controls), normal: 50.4 vs. 53.1%; overweight: 39.1 vs. 32.6%; and obesity: 10.5 vs. 14.3%; p = 0.336. The bowel habit subgroups among the IBS subjects were, IBS-D: 35.7%; IBS-C: 19.1%; IBS-A: 45.2%; and there were no differences in BMI among them (data not shown).
Heartburn and other related symptoms in IBS and controls
The frequency of heartburn, chest pain, epigastric pain, nausea, vomiting and belching, is shown in table II. Except for vomiting and belching, they were all significantly more frequent in IBS compared to controls (Table II) .
Specifically, regarding the relationship of heartburn with IBS, the frequency of this overlap was (47.9%) higher than the individual prevalence of IBS: 23.7%, OR (95%CI): 3.17 (2.03-4.93), p < 0.001 and a trend over the individual presence of heartburn itself: 40.5%, OR (95%CI): 1.44 (0.94-2.13), p = 0.093.
Sample stratified according to BMI
When the study population was stratified according to the analyzed BMI categories, in the subjects with obesity, heartburn was more prevalent in IBS vs. controls (p = 0.024) while in those with overweight, epigastric pain (p = 0.002) and nausea (p = 0.008) were also more frequent in IBS. There were no differences in IBS vs. controls in the normal category (Table III) . However, in the log linear model of three variables interaction, it was suggested that only chest pain may be related to obesity in the younger group of patients. In the two variables model, there were no interactions between BMI and any symptom, and heartburn was found to be independent of IBS: 1.4 (0.9, 4.7). Only the following symptoms showed significant interactions: nausea and heartburn: 2.7 (1.5, 4.7); chest pain and heartburn: 2.2 (1.5, 3.3); epigastric pain and burping: 1.6 (1.5, 2.4); chest pain and epigastric pain: 3.3 (1.4, 8.0). Furthermore, in the logistic regression analysis no interaction was found between BMI or age, with the presence of heartburn, nor IBS (Table IV) .
DISCUSSION
The overlap between GERD and IBS is well known (1-2) and although they may be two manifestations of similar underlying pathophysiological processes, this remains to be elucidated (9) . In the current study we found that heartburn according to the Rome II Modular Questionnaire and other related symptoms such as chest pain, epigastric pain and nausea, were significantly more frequent in IBS than controls among volunteers recruited by advertisement from a university-based population in Mexico. In addition, when the study population was stratified according to the BMI categories, in the subjects with obesity, heartburn was more likely to be present in IBS compared to controls and in those with overweight, epigastric pain and nausea, were also more common in IBS. However, the logistic regression analysis showed that these symptoms associations in IBS were independent of BMI.
In the current study, the frequency of heartburn in IBS was higher than the individual presence of IBS and had a trend over that of heartburn itself. These results are very similar to those of a recent systematic review by Nas- (2) . In our study we only analyzed the presence of heartburn according to the Rome II Modular Questionnaire but we did not rule out pathological gastroesophageal reflux to discriminate those subjects from the ones with functional heartburn, as precluded by the Rome II criteria (5) . However, in a recent study in Mexico, we found that more than 60% of those reporting heartburn according to the Rome II Modular Questionnaire were positive for GERD by pH monitoring and/or endoscopic examination, suggesting that in our population only one third of these patients have functional heartburn (14) . In addition, we did not analyze the onset of the first manifestation of heartburn or if subjects were under any anti-reflux therapy such as proton pump inhibitors which are commonly used (15) , and that could have suppressed the symptoms in those not reporting heartburn at the moment of the study. Tack et al. have reported a higher frequency of epigastric pain in a subset of heartburn negative functional dyspepsia patients with pathological esophageal acid exposure (16) . Epigastric pain together with nausea/vomiting, postprandial fullness or early satiation, comprise the different groups of symptoms in functional dyspepsia (17) (18) (19) (20) . Hence, it is possible that the increased frequency of the first two symptoms in the IBS subjects compared to the controls in our study volunteers, is related to gastroesophageal reflux but we can not rule out that they may be a manifestation of a comorbidity with functional dyspepsia.
There is no convincing evidence for a common underlying pathophysiology for IBS and GERD, therefore the main purpose of the current study was to determine the relationship of heartburn and other related symptoms with IBS according to BMI, but contrary to our expectation, these associations were independent of BMI. As discussed by Alpers, whether comorbidities in IBS represent part of the clinical manifestations, are distinct from IBS and other functional gastrointestinal disorders, or if they are part of the somatization, remains to be elucidated (21) . For example, a study among five hundred and fifty patients in London showed that IBS, tension headache, fibromyalgia, non ulcer dyspepsia, hyperventilation and non-cardiac chest pain were likely to overlap with one another and they confirmed that each functional disorder does not exist independently but instead from clusters (22) . In contrast, using factor analyses, others have proven in different countries that IBS occurs independently of functional dyspepsia, gastroesophageal reflux and other gastrointestinal diseases, consistent with the Rome classification to separate upper and lower functional GI disorders (23) . In other multivariate analyses it 232 (10) . Finally, our study has some limitations. First, it is a symptom based study where pathological gastroesophageal reflux and/or motility abnormalities were not ruled out among our volunteers. Secondly, we did not investigate the presence of regurgitation, one of the main symptoms of GERD, as it is not part of the Rome II Modular Questionnaire. Third, we used the Rome II Modular Questionnaire and not the more current Rome III Questionnaire, as it is in the process of translation and validation for the Mexican population (25) . However, we do not believe that using the Rome III rather than the Rome II criteria, would have modified our findings. Fourth, we did not analyze if there is a difference in the severity of heartburn and the other reflux-related symptoms between IBS and controls or if there is an association of severity with an increasing BMI. On the other hand, no information was obtained on whether they had seek medical attention for their heartburn and other related symptoms, therefore our results may not be generalized to patients with IBS. And last, in the current study, no information can be drawn about the underlying processes determining the association of IBS with heartburn and other reflux-related symptoms.
In conclusion, we have confirmed that heartburn and other reflux-related symptoms are more commonly reported by IBS than controls but these associations are independent of BMI. The underlying reasons for these relationships, demand further investigation.
